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ABSTRACT 
While much research bas been done on periodical cicadas, apparently no 
quantitative studies have been carried out to determine the vegetational 
structure of periodical cicada brood emergence sites or oviposition sites. We 
detennined large tree and small tree densities and dominance in five forest 
stands which experienced high densities of Brood XIX cicada emergence in 
1998. Paired observations were made at one of tl1ese sites to determine 
whether tl1ere was a preference for egg deposition in woodland edges versus 
the forest interior. A list was compiled of all the tree species which exhibited 
evidence of egg deposition. We found tllat the canopies of emergence sites 
can be dominated by loblolly pine (Pinus taeda), oaks (Quercus spp.), 
sweetgum (Liquidambar styraci.flua), hickories (Carya spp.), and beech 
(Fagus grandifolia), witl1 red maple (Acer rubrum) or holly (llex opaca) 
important in the understoiy. The abundance of loblolly pine, the only com-
mon species in which no egg deposition was found, suggests that 13 years 
earlier, periodical cicadas found a sufficient number of otl1er tree species in 
which to deposit their eggs. This also suggests tl1at tl1e roots of pine trees 
might be capable of sustaining the cicada nymphs. Brood XIX cicadas 
showed a significant preference for depositing tl1eir eggs on twigs on forest 
edges rather tl1an depositing on shaded twigs in the forest interior. 
INTRODUCTION 
The periodical cicada, Magicicada spp., has been the source of intrigue for many 
researchers since tl1e first mention of them in scientific literature in 1666 (Williams 
and Simon, 199 5). This great interest is due to the remarkable synchronized emergence 
of Magicicada after spending either 13 or 17 years underground. For over 300 years 
research has taken place to understand the behavior of these periodical cicadas and 
their evolutionaiy histoiy . Three morphologically distinct species of 17-year Magi ci-
cada have been identified (lvl septendecim, M cassini, andAf. septendecula), and their 
13-year morphological counterparts have also often been treated as tl1ree species (M 
tredecim,M. tredecassini, andM tredecula) (Williams and Simon, 1995). In any given 
area, emergence time of all three species is synchronized. 
After hatching from eggs deposited in small twigs, the nymphs of Magicicada drop 
to the ground into which they tunnel until they reach a plant root. The nymphs will 
then begin to feed on the xylem fluid of this root, and will feed on it and those nearby 
for 13 or 17 years (depending on tl1e brood), going tl1rough five instars. Older instars 
feed on deeper roots ( down to at least one meter). When nymphs are ready to eclose 
into adults, they make their way to the surface, where most will emerge witlrin 7-10 
days of one anotl1er (Williams and Simon, 1995). This synchronous emergence can 
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produce millions of cicadas which, in tum, satiate their predators. Tiris allows for the 
smvival of Magicicada populations. 
In 1998, D. M. E. Ware, S. Ware, and N.J. Fashing observed the emergence of 
13-year periodical cicadas (Brood XIX) in the Coastal Plain of Virginia, in western 
James City County and adjacent eastern Charles City County (unpublished data). The 
vast majority of the cicadas were Magicicada tredecim, though some individuals of 
the other two 13-year species were present as well. The recording of this emergence 
represented a considerable northward and eastward expansion of the known geographi-
cal range of 13-year cicadas. The previous northernmost confirmed location for Brood 
XIX was in the southern Piedmont of Virginia (Williams and Simon, l 995~ Cooley 
and Marshall, 1999). 
We chose to examine three generalizations that have been made about the ovipo-
sition behavior of 17-year periodical cicadas to see if they also applied to the 13-year 
cicada Brood XIX in eastern Virginia: 
(I) Periodical cicadas have very broad oviposition preferences in woody species. 
A number of papers exist which report on the broad species range of trees and shrubs 
used for egg deposition (Karban, 1983; White, 1981). We provide here a list of woody 
species that we observed to be used for egg deposition in our study area. 
(2) Females are more likely to deposit their eggs in twigs along the edges of forests 
and woodlots than in the interior of the forest. · Many researchers have noted that 
periodical cicadas choose woodland edges or exposed places for oviposition sites 
(Lloyd and White, l 976~ Williams and Simon, 1995). However, this generalization 
apparently is based on casual observation only, wiil1 no quantitative data to confirm 
this preference. Therefore, we gathered quantitative data on oviposition sites of Brood 
XIX at woodland edges verses the forest interior. 
(3) Oviposition and emergence are related to forest community types. Over.99% 
of cicadas captured during the Spring 1998 emergence at the five study sites were 
Magicicada tredecim (S. Ware, D.M.E. Ware, & N. Fashing, unpubl. data). The 
17-year equivalent of that species, M septendecim, is reported by Dybas and Lloyd 
(1974) and Lloyd and White (1976) to inlmbit "mature upland forests," in contrast to 
the floodplain sites (rich in ash and elm) preferred by M cassini. It has also been 
generally agreed tl1at periodical cicadas do not normally live in coniferous forests 
(White, et al. 1982). While tl1ese broad descriptions of habitat exist, apparently no 
quantitative studies have been carried out investigating the vegetational structure of 
sites of brood emergence or the sites of egg deposition. We have done quantitative 
sampling of five forests inhabited by the 13-yearperiodical cicadas of Brood XIX. 
METHODS 
Choice of Oviposition Species: Throughout all of our field studies we recorded 
each new species on which we found oviposition slits on the twigs. We then compared 
our species lists wiil1 published vegetation studies in the Coastal Plain to see whether 
any abundant species were absent from our list. 
Vegetation of Cicada Habitats: Five study sites were chosen based on high 
densities of emergence. This was evidenced by high concentrations of chorusing 
during the emergence of the cicadas, by large densities of emergence holes in the 
ground, by many oviposition sites in twigs, or all three of these. While high limbs on 
canopy trees could not be reached for visual investigation, evidence of deposition of 
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eggs often appeared in the form of "flagging." This occurs when large amounts of 
egg deposition in one twig cause it to become susceptible to breakage in the wind. 
Such flagging could be seen both as twigs with dead leaves hanging in the trees and as 
similar dead twigs on the ground. Fallen dead twigs found on the floor of the forest 
often showed evidence of much egg deposition. 
The five stands chosen were sampled with the combined Bitterlich/circular plot 
method (Levy and Walker, 1971 ). At each sample point the dominance of each species 
was detemlined by measuring cross-sectional area at breast height (m2/ha) by the 
Bitterlich variable radius method using the Spiegal Relaskop (sighting prism). Density 
for overstoty species (in trees/ha) was calculated by counting all stems ~ 10 cm in 
diameter at breast height (dbh) within a circular plot of 10 m radius at each sample 
point. All plots in a stand were combined, and relative dominance and relative density 
for each species were separately calculated as a percent of total dominance ( m2 /ha) or 
percent of total density (stems/ha) respectively. These two relative(%) values were 
averaged to yield an importance percent (I.V.) for that species in the stand. These 
methods are the same as those used by others to sample forest vegetation in Virginia 
(Clark and Ware, 1980; Diggs and Hall , 1981 ; Farrell and Ware, 1991). 
We also sampled the density ofunderstoty trees by counting all stems ~ 2 cm and 
<10 cm dbh in a 10 111 radius circle. Only relative density was calculated for the 
understoty layer, since no separate basal area measurements were taken in that stratum. 
Oviposition Site Preferences: To determine whether these periodical cicadas 
preferred to deposit their eggs on woodland edges versus twigs in the interior of the 
woods, paired obseIVations were made of twigs at the forest margin and of twigs in the 
interior of the forest. At a site where a road paralleled the edge of the forest, an obseIVer 
walked along the edge of the forest. At five meter inteIVals, the obseIVer faced into 
the forest and chose the nearest branch with appropriately sized twigs at about eye 
level, provided it was not Pi nus taeda, lob lolly pine. [Previous obseIVations indicated 
cicadas did not use tllis conunon species for oviposition in our area]. The obseIVer then 
examined twigs on the chosen branch. the branch immediately above it, the branches 
to the right and left of it, and the branch below it (if any) for oviposition slits. The 
species of tl1e tree or shrub and the presence or absence of oviposition slits in examined 
twigs was recorded. For each obseIVation point, a second obseIVation was made at 
least 15 meters into the forest. Because twigs of appropriate size are much more 
abundant at the edge of the forest , we chose twigs from a wider band within the forest 
as compared with tl1e forest edge. The first suitable eye-level branch encountered 
beyond 15 meters into the forest was chosen, and the tree or shrub was examined and 
scored, as were those at the forest edge. In all cases, twigs of the appropriate size were 
found before 20 meters into the forest had been reached. The four occurrence 
categories were (1) present on edge, present in interior; (2) present on edge, absent in 
interior; (3) absent on edge, present in interior, and ( 4) absent on edge, absent in interior. 
We were able to make 40 paired obseIVations before reaching the end of the stand. 
RESULTS 
A list of all tree species in wllich egg deposition slits were found is provided in 
Table 1. Of all the species examined, only lob lolly pine (Pinus taeda), a very abundant 
species, was devoid of all egg deposition. The second most abundant pine, Pinus 
virginiana, did have egg deposition slits at several sites. In our study sites we did not 
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TABLE 1: Woody species on which we noticed egg deposition 
Cupressaceae 
Juniperus virginiana 
Taxodium distichum 
Pinaceae 
Pinus virginiana 
Aceraceae 
Acer rubrum 
Anacardiaceae 
Rlws copallina 
Aquif oliaceae 
flex opaca 
Betulaceae 
Carpinus caroliniana 
Caprifoliaceae 
Viburnum prunifolium 
Comaceae 
Cornus jlorida 
Ebenaceae 
Diospyros virginiana 
Ericaceae 
Kalmia !atifolia 
Oxydendrum arboreum 
Vaccinium corymbosum 
Fagaceae 
Castanea pumila 
Fagus grandifolia 
Quercus alba 
Quercus falcata 
Quercus muehlenbergii 
Quercus phellos 
Quercus prinus 
Quercus velutina 
Hamamelidaceae 
Liquidambar styraciflua 
Juglandaceae 
Carya ova/is 
Carya tomentosa 
Lauraceae 
Sassafras albidum 
Magnoliaceae 
Liriodendron tulipifera 
Myricaceae 
Myrica cerifera 
Nyssaceae 
Nyssa sylvatica 
Platanaceae 
Platanus occidentalis 
Rosaceae 
Amelanchier arborea 
Prunus serotina 
encounter Pinus echinata, the third most abundant native pine (Rice and Ware,1983), 
so we do not know whether it is used for oviposition. 
The results of paired obsetvations and oviposition preference are presented in Fig. 
1. We tested the hypothesis that, had egg deposition site been random, the expected 
frequency for each category would be 10 obsetvations. Obsetved frequencies of egg 
deposition site differed significantly from expected frequencies (c2=9.4, df=3, 
0.05>P>0.025). Therefore, egg deposition in twigs at woodland edges was signifi-
cantly greater than egg deposition in twigs in the forest interior. 
Of the five stands sampled, four were very level, but stand # 1 had more internal 
topographic relief. Stand #2 was quite low, not more than a foot above the James River. 
The vegetational composition studies showed that stands #1 and #2 were dominated 
by Pinus taeda (loblolly pine) in the canopy (Table 2). Loblolly pine is characteristic 
of successional rather than mature forests. Stand #1 had Liquidambar styraciflua 
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FIGURE 1. Presence of Egg Slits in Wood Margins vs. Forest Interior. Observed frequencies of egg 
deposition site differed significantly from expected frequencies(/ =9.4, df=3, 0.05>P> 0.025). 
(sweetgum) as a co-dominant. Sweetgum had a large I.V. in stands #4 and #5 as well. 
Stands #3 and #4 were white oak dominated forests , with Quercus alba (white oak) 
having an I.V. of 30.6% in both stands. Sweetgum and Carya tomentosa (mockemut 
hickory) also comprised a large part of the overstory in these stands, with I. V. of 17 .5% 
and 14 .6% respectively. Stand #5 was an oak-sweetgum forest, with the total oak I. V. 
of32.4% and an I.V. of 16.7%for sweetgum. Ilex opaca (American holly) comprised 
much of the understory density in all five stands, and dominated the large tree class in 
stand #5 with an I.V. of 44%. Acer rubrum (red maple) had a highl.V. in stand #3 and 
also had a high relative density in the understmy of stands # 1 and #3 (Table 2). 
DISCUSSION 
The five stands sampled were dominated by several different tree species, including 
a conifer. Therefore, species composition of the canopy must not be the primary basis 
used by the insects in choosing their habitat. Overall, the stands showed less Lirioden-
dron tulipifera (tulip tree) and Cornusjlorida (dogwood) than the forests of this area 
generally contain (DeWitt and Ware, 1979; Monette and Ware, 1983). Stands #3 and 
#4 were both white oak forests, and these hardwood dominated stands are typical of 
the usual habitat of the periodical cicadas. The large I.V. of Pi nus taeda in stands #1 
and #2 was une:\.l)ected, given the lack of evidence of egg deposition in loblolly pine 
in our area, and the known low hatching success of eggs deposited in extremely 
resinous pines. White, Lloyd, and Karban (1982) showed that resin secretion of pines 
imprisons the egg within the twig, thereby preventing the egg from hatching; or, if 
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hatching does occur, encasing the nymph in the resin However, the pines were 
accompanied by large numbers of Liquidambar styraciflua and Acer rubrum in stand 
#1, andllexopaca and Quercusfalcata in stand# 2. Therefore, the cicadas of 13 years 
before had other species for oviposition That the cicadas were so successful in 
emergence in a stand with high densities oflarge Pi nus taeda trees suggests that perhaps 
the roots of this species are a primacy source for nymphal feeding. The ability of 
Magi cicada spp. to feed on the roots of resin-producing trees was suggested by White, 
Lloyd and Kaman (1982) who studied a white pine and hemlock forest with an 
extremely large emergence. On the William and Mary campus, shed skins of the dogday 
cicada (Tibicen canicularis) are reliably found each year on the trunks of a stand of 
scattered old loblolly pines with no hardwoods among them (S. Ware, pers. observ.). 
Thus, it might be supposed that at least this species of cicada can feed successfully on 
the roots of lob lolly pines, and may mean that the periodical cicada can as well. 
While no studies have directly proven the ability of Magi cicada spp. to feed on the 
roots of these resin-producing trees (R. Kaman, pers. comm., October 1999), there is 
much circumstantial evidence to support this. Although the understories of stands #1 
and #2 contain high densities of !lex opaca, hardly any of these understoiy trees 
showed evidence of oviposition. Except for several veiy large hollies in stand #5, these 
trees do not make up the canopy and are in the interior of the woods, so they apparently 
do not contribute to the oviposition sites of the cicadas. Further, these understoty trees 
live in the shade of the canopy, so they might not be very productive of photosynthate. 
Therefore, there is a smaller probability that understory holly roots can support the 
large numbers of cicada nymphs. Yet, emergence was very high in both of the 
pine-dominated stands, and, as noted above, this suggests that the dominant pine may 
have served as a food host. 
The large I.V. of llex opaca in stand #5 results from the large size of many of the 
hollies in this stand. This suggests that the forest was selectively cut at some point, 
allowing the hollies to increase in size to > 4" dbh in response to the open canopy 
(Glascock and Ware, 1978). While shorter than the remnant pines in the canopy, these 
hollies were tall enough to receive much direct sunlight on their crowns. Whether these 
larger, faster growing hollies would be better food sources for feeding nymphs than 
would understocy hollies is unknown, although it seems reasonable. 
As we collected data on vegetation and on egg deposition sites, we frequently found 
fallen dead twigs on the ground in the interior of tl1e forest that exhibited evidence of 
oviposition. Our data on oviposition preference showed tl1at tl1e cicadas made few egg 
depositions on twigs in the interior of the forest , at least in the understory. However, 
the presence of fallen twigs with many oviposition slits in tl1e interior of tl1e forest 
suggests that the cicadas deposited eggs in twigs in the canopy, even in tl1e interior of 
the forest. Perhaps the cicadas did not choose a twig based on whether it was on the 
woodland edge or in the interior, but rather based on whether or not it was in the sun. 
Both woodland edge and high canopy twigs would be in the sun, but understoty twigs 
in the interior of the forest would not be. A preference for twigs in sunlight might be 
advantageous because twigs in the sun have greater photosynthetic productivity, and 
thus the trees that bear them would provide a richer underground source off ood in tl1e 
roots on which the nymphs can feed. 
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